Objective. The U.S. water fluoridation recommendations, which have been in place since 1962, were based in part on findings from the 1950s that children's water intake increased with outdoor temperature. We examined whether or not water intake is associated with outdoor temperature.
In 2015, the U.S. Department of Health and Human Services (HHS) changed the recommended concentration for fluoride in drinking water to prevent dental caries to 0.7 milligrams per liter (mg/L) of drinking water, 1 to replace the recommendations from 1962, 2 which ranged from 0.7 mg/L for areas with average daily maximum temperatures in degrees Fahrenheit (°F) of 79.3°F-90.5°F through 1.2 mg/L for areas with temperatures of 50.0°F-53.7°F. One reason for the change was that the correlation between temperature and children's water intake found in the 1950s [3] [4] [5] [6] [7] was not evident from studies of data collected in more recent decades. [8] [9] [10] The 1962 recommendations included a range of fluoride concentrations because studies conducted during the 1950s found that children drank more water on warmer than on colder days. [3] [4] [5] [6] Galagan et al. 6 collected data on water intake among children aged #10 years in two communities in Contra Costa County, California. Each participant contributed data for five consecutive weekdays (Monday-Friday) during the course of a year. The study found positive correlations between temperature and both total and drinking water intake, and negative correlations between temperature and intake of milk, carbonated beverages, and nonwater-based beverages. By fitting a regression line to the mean values for water intake and daily maximum temperature (from U.S. Weather Bureau stations) for each of 39 weekly reporting periods, Galagan et al. 6 found a direct association between water intake and temperature and developed the following estimation equation: ounces of water per pound of body weight 5 20.038 1 0.0062 temperature. Galagan and Vermillion 7 used this estimating equation to develop a table of optimum fluoride concentrations for six ranges of the daily maximum temperature averaged during at least a five-year period; the 1962 recommendations 2 used this table.
More recent studies using nationally representative data did not find consistent associations between water intake and season, month, or monthly average for daily maximum temperature among regions of the United States. [8] [9] [10] [11] Two studies attributed their findings' lack of congruence with those from the 1950s to changes such as wider use of air-conditioning and lower levels of outdoor physical activity. 9, 10 Our previous unadjusted analysis of 1999-2004 National Health and Nutrition Examination Survey (NHANES) data did not find an association between total water intake and outdoor temperature among children aged 1-10 years. 12 We used data from NHANES 1999-2004 to reexamine the relationship between water intake and outdoor temperature among children aged 1-10 years and con-sider the appropriateness of a recommendation for a single fluoride concentration in drinking water across the United States to prevent dental caries.
METHODS

NHANES data
We obtained public release data from the National Center for Health Statistics (NCHS) website for water intake (total and plain) from the NHANES 1999-2004 24-hour dietary interview and body measures examination, which were conducted at mobile examination centers (MECs). 13 We used the NHANES definitions and variables for total and plain water intake for the first day of the dietary interview because public use data for the second day interview were not available for 1999-2002. Total water included plain water (i.e., tap water and noncarbonated bottled water), water from or mixed with other beverages (e.g., juice, soda, sports drinks, and dairy and nondairy milk), and water from or mixed with foods. We reported total and plain water intake in milliliters per kilogram of body weight per day (ml/kg/day). A parent or caregiver reported intake for children too young or otherwise unable to report for themselves, and may have assisted older children. The dietary interview and NHANES are described elsewhere. [13] [14] [15] [16] We used the NHANES public use demographic data for the participant's age, sex, race/ethnicity (i.e., non-Hispanic white, non-Hispanic black, Mexican American, and other), and poverty status (i.e., low income #130% federal poverty level [FPL], middle income 131%-350% FPL, and high income $351% FPL). 13 For poverty status, the threshold is based on the number of people in the household and state of residence and is revised each year. 14, 17 Participants, or their parents or caregivers, reported their race/ethnicity using multiple-response questions. To compare our findings with a previous study, 9 we restricted the analysis to children aged 1-10 years and used the NHANES III recoded race/ethnicity variable. 13
National Weather Service data
We used the National Oceanic and Atmospheric Administration (NOAA) National Climatic Data Center dataset, National Weather Service Surface Land Daily Cooperative Summary of the Day, from which the daily maximum temperature was available from approximately 5,200 weather stations for each day during 1999-2005. 18 (Some NHANES 2004 survey participants reported dietary intake for dates early in 2005.) We used data from 4,753 stations with data for daily maximum temperature. We averaged temperature values from weather stations located within each county. 19 The term "temperature" in this article refers to the daily maximum outdoor air temperature in °F. We did not use the Celsius scale because the 1962 fluoridation recommendations stated temperature ranges in Fahrenheit. 2
Data linkage
NCHS Research Data Center staff merged the water intake and temperature datasets by restricted variables for NHANES participants' county of residence and date of reported dietary intake.
Analysis
Analyses included children of all racial/ethnic groups with complete data for water intake, temperature on the day of dietary intake, and body weight. Multiple regression models were limited to children who also had complete data for age, sex, race/ethnicity, and poverty status.
Children with total water intake beyond six standard deviations of the mean for their year of age were excluded for two reasons: (1) because the water intake for these children may be unreliable and (2) to support comparisons with a previous study 9 that applied the same exclusion. Children who were breastfed were excluded because data on water intake from breastfeeding were not available. Children who lacked data for body weight were excluded because body weight was necessary to calculate the outcome measures of total and plain water intake in ml/kg of body weight per day. Children who lacked data for outdoor temperature on the day of water intake were excluded because the primary aim of this study was to assess the association of outdoor temperature with water intake.
We used the t-test to assess differences between the total and included survey participants, and between the included and excluded survey participants, for water intake, age, sex, race/ethnicity, and poverty status. We assessed whether or not exclusion was independent of sex, race/ethnicity, and poverty status using the chi-square test. 20 We examined total and plain water intakes by age, sex, race/ethnicity, and poverty status. We used the t-test to assess differences in mean water intake between groups, and the Satterthwaite adjusted F-test 21 to assess unadjusted associations between water intake and each categorical variable.
We used Pearson's correlation coefficient to assess the correlation between water intake and continuous variables (i.e., age and temperature), Spearman's Rank Order correlation coefficient to assess the correlation between water intake and poverty status, 22 and Hoeffding's D to assess departures from independence of water intake by sex and race/ethnicity. 23 We fitted unadjusted linear regression models with total and plain water intake as response variables and temperature as the variable of interest. Adjusted models also included age, sex, race/ethnicity, and poverty status. We assessed the interaction between temperature and each of the other variables in the model. We assessed multicollinearity using condition indices and variance inflation factors. In these models, we used the t-test to assess whether or not model coefficients differed from 0 and the Satterthwaite corrections for the F-statistic to test the association between water intake and temperature. 20, 21 Using the analysis approach of Galagan et al., 6 we plotted and fit regression lines for mean total and plain water intake (in ml/kg/day) by temperature for 1999-2004. We plotted mean water intake only for temperatures with sufficient data to preserve anonymity.
We used SAS ® release 9.3.2 24 for data management and SAS-callable SUDAAN ® release 11.0.1 25 for statistical analyses. All analyses used the restricted variables for true strata and primary sampling unit to account for the clustered sample design, and survey weights provided by NCHS to account for unequal probabilities of selection. We computed standard errors (SEs) for means of continuous variables and percentages of categorical variables using the Taylor series expansion and 95% confidence intervals (CIs) using these SEs and the t-distribution with subgroup-specific degrees of freedom. Only statistically significant results (p#0.05) are described, unless otherwise stated.
RESULTS
Of the 31,126 participants in NHANES 1999-2004, 6,498 were aged 1-10 years at the time of the interview; 5,545 were not breastfeeding and completed the dietary interview. Of the 5,545 respondents who completed the dietary interview, five were excluded for having reported total water intake values beyond six standard deviations of the mean for their year of age, 187 lacked data for body weight, and 901 lacked data for outdoor temperature on the day of water intake. The remaining 4,453 participants were included in descriptive analyses. Multiple regression analyses were restricted to 4,104 participants with complete data for variables used in the regression models (data not shown).
For included children, the mean total water intake was 78.4 ml/kg/day (95% CI 76.3, 80.5); mean plain water intake was 19.0 ml/kg/day (95% CI 17.6, 20.4). The excluded group was on average older than the included group (mean age 5 6.1 vs. 5.5 years, p50.008).
Sex (p50.458), race/ethnicity (p50.284), and poverty status (p50.461) were not associated with exclusion overall (chi-square test); however, the excluded group had proportionately fewer Mexican American survey participants than the included group (t-test, p50.012) ( Table 1) .
In unadjusted analyses (Table 2) , total water intake varied by age (p,0.001), race/ethnicity (p50.012), and poverty status (p50.001), while plain water intake varied by age (p,0.001). Total and plain water intake decreased with age (p,0.001). Mexican American children had higher total water intake (mean 5 82.3 ml/kg/day, 95% CI 78. 8 Linear regression models for total and plain water intake used water intake values at the individual level (Table 3 ). Interaction terms did not improve the models, so we only present main effects models. Correlations and multicollinearity were low among the variables included in the model. Temperature was associated with plain water intake in both unadjusted (coefficient 5 0.2, p50.015) and adjusted (coefficient 5 0.2, p50.013) models. In adjusted models, age was inversely associated with total (coefficient 5 28.2, p,0.001) and plain (coefficient 5 20.9, p,0.001) water intake. Poverty status was associated with total water intake (p50.017). The adjusted models explained Included participants were children aged 1-10 years who completed the dietary interview, were not breastfed, had total water intake of ,6 standard deviations of mean for age, had valid data for body weight, and had survey weights .0. Excluded participants were children aged 1-10 years who were excluded for the following reasons: they had total water intake $6 standard deviations of the mean for their year of age, were breastfed, lacked data for body weight, or lacked data for outdoor temperature on the day of water intake.
b Calculated from the t-distribution using subgroup-specific degrees of freedom.
c T-test for difference in means or proportions between the total sample and the included survey participants d T-test for difference in means or proportions between the included and excluded survey participants e P-values from chi-squared tests of independence of exclusion from sex (p50.458), race/ethnicity (p50.284), and poverty status (p50.461) f Multiracial participants and participants of other races or Hispanic ethnicity other than Mexican American were included in the analyses. However, estimates for these groups were not reported because NHANES 1999-2004 was not designed to support estimates for these groups. about 30% of the variation in total water intake (R 2 50.311) but only about 2% of the variation in plain water intake (R 2 50.023).
Using the analysis approach of Galagan et al., 6 temperature was not associated with total ( Figure 1 ) or plain ( Figure 2) water intake for days with maximum outdoor temperatures of 50°F-97°F.
DISCUSSION
Our adjusted regression model, which included outdoor temperature as an explanatory factor, explained only about 2% of the variance in plain water intake, far less than the 40% found in the 1950s studies on which the 1962 recommendations were based. 6, 9 From our model, for each 1°F increase in outdoor temperature, plain water consumption among children aged 1-10 years increased an estimated 0.2 ml/kg/day; thus, the expected difference in plain water intake between days with maximum outdoor temperatures of 60°F and 90°F (i.e., a 30°F difference) would be 6.0 ml/kg/day. No association was found between temperature and total water intake, before or after adjusting for age, sex, race/ethnicity, or poverty status. The analysis approach of Galagan et al. 6 may have underestimated the variance of, and overestimated the correlation between, these two variables. Consequently, the amount of variance in water intake explained by temperature (R 2 50.40) may have been overestimated. 26 Although our adjusted model explained about 30% of the variance in total water intake, in our unadjusted individual and mean regression models, temperature explained little of the variance in total water intake.
Although the mean regression model explained about 7% of the variance in plain water intake, regression models with individual intake explained at most about 2% of the variance in plain water intake.
Based on descriptive analyses of the 1994-1996 Continuing Survey of Food Intakes by Individuals, from the U.S. Department of Agriculture, Heller et al. 10 found no apparent trend in water intake from colder to warmer months, but did not have the information needed to link outdoor temperature to water intake. Water intake among children aged #10 years fluctuated greatly throughout the year in the West, 10 where water intake may be more similar to that in the two California communities in the study by Galagan et al. 6 Our study included participants from all regions of the United States, as did Sohn and colleagues 9 and Heller et al.; 10 thus, it may better represent variation in water intake for the United States than did the study by Galagan et al. 6 Heller et al. 10 defined water intake similarly to Galagan et al. 6 (i.e., drinking water, infant formula, soups, and home-prepared beverages) and averaged two days of water intake, instead of five as Galagan et al. 6 Figure 1 . Mean total water intake among children aged 1-10 years by maximum outdoor temperature on day of reported water intake: United States, 1999-2004 a,b a A linear regression line through the points can be described by the equation y 5 77.195 1 0.0083x, where y is total water intake and x is temperature. The R-squared value is 0.0003. The p-value for the coefficient for temperature is p50.91, indicating that outdoor temperature may not be associated with total water intake. b Children aged 1-10 years on date of the National Health and Nutrition Examination Survey examination with data for outdoor temperature in county of residence and water intake data from the 24-hour dietary interview Mean total water intake in milliliters per kilogram of body weight per day Maximum outdoor temperature in degrees Fahrenheit on day of water intake did. Sohn and colleagues 9 and our study defined water intake as total and plain water intake in one 24-hour period (midnight to midnight). The definitions used by Heller et al. 10 and Galagan et al. 6 fall between the definitions we used for total and plain water intake. Data for a second day of water intake, which can be used to calculate usual water intake, 15 were not available in NHANES 1999-2002. 15, 16 We found that plain water intake was about 25% of the total water intake, consistent with previous studies. [6] [7] [8] [9] [10] [11] We found unadjusted associations between total water intake (ml/kg/day) and age, race/ethnicity, and poverty status. In contrast with a study that used NHANES data from 2005-2006 for children aged 2-19 years, 11 we did not find an association with sex. However, the adequate intake of water established by the National Research Council using data from NHANES III (1988-1994) differs by sex only for children and adolescents aged $9 years. 27 Different age ranges of these studies may explain the contrasting findings.
Water intake from tap or bottled water or from drinks or juices prepared with water may be influenced by the availability of water from water fountains or vending machines at school, by family preferences, [28] [29] [30] [31] and by cultural and social values. Although studies have found a preference among Latino and Hispanic families for bottled water, 28-31 this preference may not modify the relationship or lack thereof between water intake and outdoor temperature. The differences may be due in part to differences in the validity and reliability of the dietary interview by race/ethnicity. [32] [33] [34] However, the NHANES dietary interview was offered in both English and Spanish and included Hispanic dietary items. 15, 16 To the extent that income is correlated with parent or caregiver education level, or the portion of the day spent at preschool or day care, it is possible that the dietary interview may have lower validity and reliability in lowerincome groups.
Strengths
Our study exhibited several important strengths. Its analysis methods for assessing the effect of outdoor temperature on total water intake were consistent with earlier studies. 9, 10 Results also were similar despite different time periods and sample characteristics. Data analyzed in our study were collected using rigorous methods to measure water intake 15, 16 and better represent the water intake of the U.S. population as a whole, as well as contemporary lifestyle and environmental conditions, than data 6 used to establish the USPHS 1962 recommendations. 2 Our linear regression models better accounted for individual variation in water intake and other potential confounders or explanatory factors than the study 6 used to establish the 1962 recommendations. 2 Most importantly, we examined the relationship between reported 24-hour water intake and maximum outdoor temperature on the same day to improve our chances of detecting a relationship between water intake and temperature, if it existed. To our knowledge, ours is the first study to examine water intake and temperature from the same day using a nationally representative dataset. Figure 2 . Mean plain water intake among children aged 1-10 years by maximum outdoor temperature on day of reported water intake: United States, 1999-2004 a,b a A linear regression line through the points can be described by the equation y 5 11.608 + 0.1083x, where y is total water intake and x is temperature. The R-squared value is 0.0736. The p-value for the coefficient for temperature is p=0.06. On days with high temperatures ,54˚F or .94˚F, a few points for mean plain water intake are further from the regression line than the points for mean plain water intake on days with high temperatures from 54˚F-94˚F. Together, this information suggests that outdoor temperature explains little of the variability in plain water intake. b Children aged 1-10 years on date of the National Health and Nutrition Examination Survey examination with data for outdoor temperature in county of residence and water intake data from the 24-hour dietary interview Mean plain water intake in milliliters per kilogram of body weight per day Maximum outdoor temperature in degrees Fahrenheit on day of water intake y = 0.1083x + 11.608 R 2 = 0.0736
